Occupational lung disease is a significant problem among agricultural workers exposed to organic dusts. Measurements of exposure in agricultural environments in the USA have traditionally been conducted using 37-mm closed-face cassettes (CFCs) and respirable Cyclones. Inhalable aerosol samplers offer significant improvement for dose estimation studies to reduce respiratory disease. The goals of this study were to determine correction factors between the inhalable samplers (IOM and Button) and the CFC and Cyclone for dusts sampled in livestock buildings and to determine whether these factors vary among livestock types. Determination of these correction factors will allow comparison between inhalable measurements and historical measurements. Ten sets of samples were collected in swine, chicken, turkey, and dairy facilities in both Colorado and Iowa. Pairs of each sampling device were attached to the front and back of a rotating mannequin. Laboratory studies using a still-air chamber and a wind tunnel provided information regarding the effect of wind speed on sampler performance. Overall, the IOM had the lowest coefficient of variation (best precision) and was least affected by changes in wind speed. The performance of the Button was negatively impacted in poultry environments where larger (feather) particulates clogged the holes in the initial screen. The CFC/ IOM ratios are important for comparisons between newer and older studies. Wind speed and dust type were both important factors affecting ratios. Based on the field studies (Table  6) , a ratio of 0.56 is suggested as a conversion factor for the CFC/IOM (average for all environments because of no statistical difference). Suggested conversion factors for the Button/IOM are swine (0.57), chicken (0.80), turkey (0.53), and dairy (0.67). Any attempt to apply a conversion factor between the Cyclone and inhalable samplers is not recommended.
INTRODUCTION
Occupational lung disease resulting from exposure to complex agricultural dusts may affect .1 million US agricultural workers (Donham et al., 1989 (Donham et al., , 1995 Donham, 1990; Heederik et al., 1991; Reynolds et al., 1993 Reynolds et al., , 1996 Rylander and Jacobs, 1994; Merchant et al., 1995; Kullman et al., 1998; Merchant et al., 2002; Kirychuk et al., 2006) . Organic dusts found in livestock facilities are complex mixtures composed of feed components, urine, fecal material, dander, feathers, insect parts, bacteria, fungi, pollen grains, (1 / 3)-b-D-glucans, endotoxins, and other bioactive materials (Donham, 1986; Sonesson et al., 1990; Rylander and Jacobs, 1994; Popendorf and Reynolds, 1997) . Sampling to determine airborne dust exposure levels in livestock facilities in the USA has largely relied on gravimetric methods that utilize the 37-mm closed-face cassette (CFC) while following National Institute for Occupational Safety and Health (NIOSH) method 0500 for 'total dust' *Author to whom correspondence should be addressed. Tel: þ970-491-3141; fax: þ970-491-2940; e-mail: stephen.reynolds@colostate.edu determination (NIOSH, 1994b) . Cyclones have also been used in these facilities to measure the respirable fraction of dust as described by method 0600 (NIOSH, 1994a) . However, some evidence suggests that respiratory ailments developed while working in livestock facilities may result in airway effects rather than pulmonary effects and are more closely associated with exposure to total dust than exposure to respirable dust (Donham et al., 1989 (Donham et al., , 1995 Donham, 1990) .
The only threshold limit value (TLV) for agricultural dusts is the 4 mg m À3 total dust value for (oat, wheat, and barley) grain dust as promulgated by the American Conference of Governmental Industrial Hygienists (ACGIH). Regulatory organizations, such as the US Occupational Safety and Health Administration and the UK Health and Safety Executive (HSE), have occupational exposure limits of 10 mg m À3 for grain dust, primarily including barley, oats, and wheat (HSE, 2007; Occupational Safety and Health Administration, 2009 ). The HSE and other European agencies have also established a similar standard for flour (wheat) dust. Therefore, other agricultural dusts (e.g. from livestock facilities) fall under guidelines established for 'particulates not otherwise specified', which have an inhalable dust TLV of 10 mg m À3 (ACGIH, 2008) . Furthermore, this TLV is high relative to a proposed guideline of 2.4 mg m À3 for total dust that has been recommended to prevent adverse work-related health effects in swine and poultry production environments (Donham et al., 1995 (Donham et al., , 2000 (Donham et al., , 2002 Reynolds et al., 1996) . However, the establishment of a total dust guideline specific to agricultural facilities is complicated by the current use of 'size-specific' sampling devices designed to collect in a way compatible with the definition for inhalable particles adopted by the ACGIH (2008). In fact, the ACGIH TLV committee has expressed the intent to replace the existing total particulate TLVs with inhalable, thoracic, and respirable particulate TLVs (ACGIH, 2008) .
When characterizing the sampling behavior of the CFC in a wind tunnel, Mark et al. (1994) demonstrated that the collection efficiency of the CFC falls below the line defining the inhalable fraction, especially for particles .20 lm. Therefore, the expectation is that a guideline value for agricultural dusts based on the use of an inhalable sampler should be higher than that proposed for the CFC. For example, Predicala and Maghirang (2003) compared the IOM and the CFC while assessing airborne dust in swine confinement barns and determined that the IOM provided a greater overall geometric mean concentration. Mahar et al. (1999) found that IOM and CFC measurements were strongly correlated (r 5 0.92, P , 0.001) when used to measure organic dust aerosols in refuse-derived fuel plants with inhalable samplers again consistently providing higher measures of dust concentration than total dust samplers. Kullman et al. (1998) also found good correlation between inhalable and total dust samplers (r 5 0.76, P , 0.001) used during a study of dairy workers with geometric mean concentrations of inhalable dust consistently higher than those determined using total dust sampling methods.
The degree to which the measurement made with the CFC will differ from that of an IOM is primarily based on the size distribution of the aerosol being sampled (O'Shaughnessy et al., 2007) . Because the CFC collects fewer of the larger particles than the IOM, there will be a greater discrepancy between the two measurements as the median of the size distribution increases. Comparing open-faced 37-mm filter cassettes with IOM samplers, Lidén et al. (2000) found a wide range of ratios between the two devices when compared for seven types of organic dust (textile, wood, paper, cereals, flour, food, and animal breeding) with the differences largely dependent on differences in size distribution. Tatum et al. (2001) studying wood dust also found that the relative performance of the inhalable samplers as compared to the total dust sampler may vary as a function of particle size distribution in the workplace. A number of other studies have also been conducted, both under controlled laboratory conditions and in field settings, to determine the relationship between IOM samplers and other aerosol-sampling devices (Vaughn et al., 1990; Vincent, 1995; Kenny et al., 1997; Li et al., 2000; Demange et al., 2002; Teikari et al., 2003; Witschger et al., 2004; De Vocht et al., 2006) . These studies typically demonstrated wide variation in sampler-to-sampler ratios (or corresponding correlations) suggesting that other factors besides size distribution may also cause the collection efficiency curve for either device to differ, thereby resulting in a change in the ratio between measurements made by the two devices in the same environment. These factors include sampler orientation relative to a moving air source and air speed as well as physical and environmental factors, such as particle shape and electrostatic effects.
Given the wide variety of factors that may cause changes in the collection characteristics of an aerosolsampling device, there is a need for site-specific sampler comparisons. Because of the concern for the inducement of adverse health effects by agriculturally derived dusts in particular, there is a need for a rigorous comparison of these devices when used in livestock buildings. It is apparent that workers in these facilities are at elevated risk of developing airway inflammation and accelerated declines in lung function. Thus, guidance on safe levels of airborne dust is needed to protect these workers. However, in the USA, a guidance value is currently applicable to only measurements taken with the CFC. Therefore, this study was conducted to determine a correction factor between the CFC and the inhalable 586 S. J. Reynolds et al. samplers for dusts sampled in livestock buildings and to determine if this factor varies between livestock type. It is worth noting that Bartley (1998) , in an analysis of inhalable samplers, concluded that the IOM was the best reference sampler to be used in comparisons like these. In addition to field studies, laboratory studies were conducted to assess the effect of wind speed on sampler collection. Since a number of previous studies conducted in animal rearing facilities included the use of a respirable Cyclone (Donham et al., 1995; Reynolds et al., 1996) , we utilized this opportunity to determine whether or not there is a correlation between results from an inhalable sampler and those from a respirable sampler. To our knowledge, this is the first field study comparison including the Button sampler.
METHODS
Two commonly used inhalable aerosol samplers were compared to the CFC: the IOM (plastic) and the Button. Measurements were also made with the SKC aluminum respirable Cyclone (all available from SKC Inc., Eighty Four, PA, USA). Flow rates for each sampler were adjusted with a needle valve and calibrated to within 5% (plus or minus) of the suggested flow rate before each trial using an electronic soap bubble flow meter (GilibratorÒ, Sensidyne, Clearwater, FL, USA). Flow rates of 2.0, 4.0, and 2.5 l min À1 were set according to the manufacturers' instructions for the IOM, Button, and Cyclone, respectively. A flow rate of 2.0 l min À1 for the CFC was chosen from the suggested range of 1-2 l min À1 (NIOSH, 1994b) . Polyvinyl chloride filters (5-lm pore size) were weighed with the use of a six-place balance (Model MT5, Mettler-Toledo Inc., Columbus, OH, USA).
Laboratory trials
Laboratory studies were conducted using three agricultural dusts-swine, chicken, and turkey-in two different chambers, one to mimic 'still-air' conditions and the other a wind tunnel in which two air speeds were applied. The controlled laboratory studies did not include dust from dairies due to the difficulty in collecting sufficient dust in the field for generation of this aerosol. Field studies were conducted in all four agricultural settings.
Still-air chamber. Samplers were attached to a stationary mannequin (torso and head) in a 1-m 3 Rochester-style chamber (Hinners et al., 1968) operated with a downward speed of air of only 0.07 cm s À1 , equivalent to the settling speed of a 5-lm particle and less than a criterion of ,0.1 m s À1 used by others for 'very slow-moving air' (Witschger et al., 2004) . Aerosols were produced from agricultural dusts collected from settled dust in the field. The settled dust was assumed to contain a distribution of particle sizes larger than the airborne dust due to preferential settling of the larger particles and exhausting of the smaller particles via the ventilation system. Therefore, the collected dust was sieved to remove particles (such as feather debris) .420 l using a 40-mesh sieve to minimize the difference in size distributions between the chamber and the field settings. The aerosols were generated using a Wright dust feed (BGI Inc., Waltham, MA, USA) This aerosolgenerating device was designed for inhalation studies to produce a consistent amount of micrometer-sized particles (Hinds, 1980 ). An eight-stage cascade impactor (Marple 290, Thermo-Electron Corp., Waltham, MA, USA) was used to determine the size distribution of the aerosol during each trial. The mass median aerodynamic diameter (MMAD) and geometric standard deviation (GSD) values were determined by first applying correction factors to account for stage losses (Rubow et al., 1987) and then plotting the cumulative frequency of mass on each stage versus stage cut diameter (Hinds, 1982) .
A pair of each sampler type was attached to the mannequin during each trial. One of each of the four samplers was randomly located across the front of the mannequin, and the corresponding sampler was placed on the other side of the mannequin and directly opposite to its pair. The SKC device was used to hold the face of the CFC downward. Ten 4-h trials were conducted for each dust type: swine, chicken, and turkey. The mannequin was turned 45°every 15 min (1 revolution h À1 ).
An initial analysis (unreported) was conducted to determine the spatial uniformity of dust concentrations inside the chamber. Four trials were conducted using six replicate samplers (CFCs), by producing aerosols from International Organization for Standardization (ISO) test dust (ISO, 1997) as described by O'Shaughnessy et al. (2007) . The average MMAD and GSD of the aerosol produced in the four trials was 4.5 and 2.9 l, respectively. An analysis of variance (ANOVA) of the four trials by location and day showed that there were no significant differences between locations (P 5 0.187) and that the overall coefficient of variation (CV) was 8%. These results showed that the aerosol concentration produced in the chamber was spatially uniform and thus that it was not necessary to rotate the mannequin during these experiments.
Wind tunnel. A wind tunnel with a 1-m 2 crosssectional area (Buchan et al., 1986 ) was used to evaluate sampler performance under horizontal wind velocities of 0.2 and 1.0 m s À1 . Portions of the same dusts dispersed in the still-air chamber were redispersed in the wind tunnel with the use of a National Bureau of Standards dust feeder (Branford Vibrator Co., New Britain, CT, USA) (Hinds, 1980) . Samplers were placed on a revolving mannequin (torso and head) in the wind tunnel to integrate the effect of Field and wind tunnel comparison using agricultural dusts 587 wind direction. Rotation was at 1 revolution h À1 . Sampler flow rates were identical to those described above. An eight-stage cascade impactor (Series 20-800 Mark II, Thermo-Electron Corp.) was used during wind tunnel experiments to determine the aerosol size distribution. Ten trials were conducted for each wind speed. Preliminary trials were conducted to optimize homogeneity of aerosol concentration across the test section of the wind tunnel. Coefficients of variation for the actual trials were calculated and reported here.
Field trials
Field trials were conducted in four agricultural environments-swine, chicken, turkey, and dairy barns-with 10 trials each in Iowa and in Colorado. Regional differences in climate were anticipated. Sampling times ranged from 8 to 12 h for each trial. A movable cart was outfitted with sampling pumps and a slowly rotating mannequin form (head and torso). A motorized turning plate was equipped with a timer to turn the mannequin 1 revolution h À1 to integrate the effect of unidirectional drafts in a building. Two of each sampler type were attached to the mannequin and operated as described above. Detailed descriptions of the study barns are presented in Table 1 . Sampling devices were located as close to the center of buildings as possible, depending on access to electrical power sources. An eight-stage cascade impactor (Marple 290, Thermo Scientific, Franklin, MA, USA) was used to determine the size distribution of the aerosol during each trial.
Statistical analysis
Data were analyzed using Microsoft Excel and SAS v.9.1 (SAS Institute, Cary, NC, USA). The UNIVARIATE procedure was used to evaluate distributions of data (both concentrations and ratios of concentrations from different samplers) sorted by dust type, wind speed, and sampling device. Dust concentrations (milligrams per cubic meter) were found to be normally distributed (Kolmogorov-Smirnov statistic). The IOM was used as the basis for calculating ratios of the dust concentrations determined by the different samplers-i.e. CFC/IOM, Button/IOM, and Cyclone/IOM. The ratios of dust concentrations for the CFC/IOM, Button/IOM, and Cyclone/IOM were found to be lognormally distributed; as a result, the log 10 transforms of these ratios were used in statistical analyses. CVs of dust concentrations for replicates of each sampler were calculated to evaluate reproducibility. CV values were computed for each pair of samplers as the standard deviation divided by the arithmetic mean of the two sampler concentrations. Pearson correlations for dust concentrations determined among the four sampling devices were calculated for field and laboratory studies separately. General linear model (GLM) ANOVA was used to statistically evaluate factors contributing to the variation in both the dust concentrations and the ratios of the dust concentrations. ANOVAs were run separately for each sampler ratio type. For laboratory trials, main effects in the ANOVA included dust type and wind speed; for field trials, main effects included dust type and location (Iowa versus Colorado). Interactions of main effects were included in all ANOVA models. Tests for specific differences among least-square means in both analyses used the Tukey-Kramer adjustment for multiple comparisons. Linear regressions of dust concentrations for the CFC, Button, and Cyclone versus the IOM were conducted by dust type and wind speed for the laboratory trials and by dust type for the field trials. Regressions were forced through the origin in order to determine a single 'slope factor' relating the two samplers compared (Eisenhauer, 2003) . Based on data from the laboratory studies, stepwise linear regression (0.05 in/out criteria) was also used to determine models for predicting CFC, Button, and Cyclone concentrations based on IOM concentrations while accounting for the effects of wind speed.
RESULTS
Pooled CV values indicating intrasampler precision for the four sampling devices are presented in Table 2 for the laboratory and field settings. Pooled CV values ranged from 0.052 to 0.465 across all conditions analyzed. In general, however, no noticeably different trends in CV values were evident either among dust types or among sampler types. CV values pooled across all samples by dust type showed values ranging between 0.150 for chicken and 0.225 for dairy. Likewise, overall pooled values by sampler type ranged between 0.132 for the Button and 0.240 for the Cyclone.
Mean dust concentrations for the field studies are presented in Table 3 . Dust type, sampler type, and their interaction were all statistically significant in the model. Under all conditions, field and laboratory (data not shown), the IOM yielded the highest estimate of dust concentrations as anticipated (P , 0.0001, R 2 5 0.60 based on GLM ANOVA). The Button consistently showed higher concentrations than the CFC in the laboratory, but the two samplers provided similar concentrations in the field swine environments. The dust concentrations produced in the laboratory studies were generally higher than those found in the field but were within the same order of magnitude. The MMAD produced in the laboratory was lower than the MMAD found in the field most likely because the larger particles were captured in the pipework leading from the generator to the main volume of the chamber (Table 4 ). However, there was fairly good agreement for the wind tunnel studies wherein the particles were introduced directly into the tunnel and the wind speed prevented the larger particles from settling. Some differences in the MMAD measured in Iowa and Colorado for the same type of livestock environment were observed. Data on MMAD were not available for the Colorado swine building because the limited electric power in this building had to be used to operate the mannequin or for the Iowa dairy building because dust levels were below detection limits on the stages of the impactor.
Pearson correlation coefficients among sampling devices varied depending on both dust type and chamber air speed in the laboratory (Table 5 ). For the still-air conditions, moderate to strong positive correlations were found for all four devices with all three dust types. Under conditions of increasing wind speed, far fewer consistent relationships were found. In the field, strong positive correlations were found for the IOM, CFC, and Button in most environments (Table 5 ). Correlations with the Cyclone were less consistent.
The linear regressions of the dust concentrations for the CFC, Button, and Cyclone versus the IOM are presented by dust type in Fig. 1 for the field studies as an example of the relationships between the samplers. Regressions were forced through the origin. Because the R 2 is not strictly applicable to regressions when the intercept is forced through zero, R 2 values are not provided in these figures (Eisenhauer, GLM ANOVA-R 2 5 0.60, P , 0.0001. Model main effects included dust type, sampler type, and their interaction. All were significant. The CFC and Button were not significantly different.
Field and wind tunnel comparison using agricultural dusts 589 2003). Comparison of the regressions provides a clear comparison of sampling devices and shows the effect of wind speed. The slopes for the various devices varied depending on dust type and speed. Increased wind speed resulted in smaller slopes for all three devices relative to the IOM for all three dusts included in the laboratory studies, although this effect was less pronounced for chicken and turkey dust at the highest speed (1.0 m s À1 ). Regression analysis found a significant interaction between speed and MMAD, both of which contributed significantly to the prediction of Button and Cassette concentrations from IOM concentrations. The geometric means of the ratios of the dust concentrations for the CFC, Button, and Cyclone samplers relative to the IOM sampler (denoted as CFC/ IOM, Button/IOM, and Cyclone/IOM) are presented in Table 6 . In the laboratory studies, the ratios varied by dust type and wind speed, with a trend toward the lowest ratios at the highest speed (1.0 m s À1 ) for all devices and dust types. In general, the ratios for the Button/IOM and the CFC/IOM were similar, with the Button/IOM ratio being consistently higher. GLM ANOVA confirmed (similar to regressions) that all three of the ratios (CFC/IOM, Button/IOM, and Cyclone/IOM) varied significantly (P , 0.0001) by both dust type and wind speed (R 2 5 0.52, 0.50, and 0.84, respectively) for field studies. The pattern seen in the field studies was similar to that in the laboratory, except for the turkey environment for which the CFC/IOM ratio was higher than the Button/IOM ratio. For field studies, there was no significant difference in ratios of the CFC/IOM by dust type or location (P 5 0.33). The Button/IOM ratio varied by dust type (P 5 0.0056, R 2 5 0.23), and the Cyclone/IOM ratio varied by dust type and location (P , 0.0001, R 2 5 0.56). 
DISCUSSION
This study evaluated and compared the performance of the 37-mm CFC, Button, and Cyclone relative to the IOM in four agricultural livestock environments. Aerosols from these environments were generated in the laboratory to evaluate the effects of wind speed on sampler performance. Dairies were not included in the laboratory studies because of the difficulty in collecting enough settled dust in buildings to generate aerosols. The IOM was used as the basis for comparison with the other samplers, as it is the best characterized aerosol sampler. The CFC and Cyclone are commonly used standard methods specified in NIOSH Methods 0500 and 0600 (NIOSH, 1994a,b) . Comparison of the IOM with the CFC and Cyclone addresses the need to understand the relationship between inhalable, total, and respirable size fractions, especially for applications to previous studies.
The IOM and Button should be directly comparable since they are both reported by the manufacturer to follow the ACGIH/ISO sampling criteria for the inhalable fraction. However, the developers of the Button sampler concluded that the Button undersampled relative to the sampling criteria under moving-air conditions, whereas the IOM followed the criteria well under those same conditions (Aizenberg et al., 2000) . Furthermore, the Button was shown to follow the sampling criteria more accurately than the IOM under slow-moving air conditions, whereas the IOM oversampled relative to the criteria so that the Button undersampled relative to the IOM in this case also (Witschger et al., 2004) . Our results are consistent with these findings, with the Button yielding measured dust concentrations lower than the IOM. However, our results showed the Button undersampling to the point of being more comparable to the CFC than to the IOM. The overall average Button/IOM ratio for all field studies was 0.65 compared with an overall average CFC/IOM ratio of 0.57. The large particulates (feather material) in the chicken and turkey facility also created problems by plugging the holes in the cap of the Button. Based on this experience, use of the Button in some environments, such as poultry production, is not recommended. This problem was eliminated in the laboratory because settled dust was sieved to remove larger particles before aerosolization.
Ideally, any two colocated samplers should obtain the same concentration value. However, differences between paired samplers can be attributed to even Field and wind tunnel comparison using agricultural dusts 591 slight changes in the homogeneity of the aerosol concentration, as well as variations caused by unknown changes in sample flow rate, differences in the construction of the devices by the manufacturer, and errors in the filter weighing process (Lidén and Kenny, 1992) . Our results showed intrasampler differences that varied by CV factors as high as 46% but were otherwise relatively consistent between 15 and 24% averaged across all sampler and dust types.
Wind speed affected sampling devices differently, as demonstrated by changes in both the slopes of regressions and geometric means of the ratios of dust concentrations from samplers. In general, the geometric means of ratios of devices to IOMs decreased, sometimes dramatically as wind speed increased. Wind speeds as extreme as the maximum used in these experiments (1.0 m s À1 ) are unlikely to be found in most enclosed livestock environments (data not reported) but are common in hoop buildings, double curtain-walled buildings, and tunnel-ventilated buildings under maximum fan speed (Thorne et al., 2009) . The experiments using 0.2 m s À1 wind speed are more likely to match field conditions as evidenced by the similarity in geometric mean ratios for field studies and those in the 0.2 m s À1 laboratory studies.
The poor correlations between the Cyclone and the other samplers are consistent with the pronounced bias found in our earlier experiments (O'Shaughnessy et al., 2007) . Laboratory results also demonstrated that higher wind velocities decreased these correlations. Higher wind speeds also dramatically reduced the Cyclone/IOM ratio. Kenny et al. (1997) demonstrated that the IOM collection efficiency increases across all particle sizes with a decrease in wind speed and therefore the Cyclone/IOM ratio should have increased with wind speed. However, in this case, where two samplers with very different collection efficiencies were compared, a shift in the size distribution toward larger particles with an increase in wind speed apparently had a more pronounced effect on the resulting ratio than did changes in collection efficiency. This shift was caused by the increased propensity for larger particles to be carried to the sampler locations in the wind tunnel rather than settling. Therefore, one should expect a 'decrease' in the ratios during conditions, such as in summer months, when air movement through agricultural buildings is highest, given that the sampler that consistently collects the largest particles with the most efficiency, the IOM, is used in the denominator of the ratio.
The Cyclone/IOM geometric mean ratios (but not other sampler ratios) were significantly higher in Colorado field studies (tested in GLM). Again, this re-emphasizes that factors in addition to the MMAD are important in affecting sampler performance in these environments. The CFC/IOM ratios were not affected by geographic location and thus can be combined for prediction of ratios by building type.
Limitations
Because the mass of dust collected by a sizeselective aerosol-sampling device is dependent on the size distribution of the aerosol measured, the lack of exact concordance between the MMADs produced in the laboratory and in the field limited our ability to use the laboratory results to determine sampler-tosampler ratios for the various dust types analyzed here. However, the sieving process used to remove the largest particles still retained other unique qualities such as density and shape. Therefore, we limited the results from the laboratory studies to an investigation of the effects of wind speed on the dust types. In addition, we found that the determination of the MMAD for these aerosols is problematic because the cascade devices used may not accurately account for the large particles found in these environments because a majority of the mass collected falls in the upper stages and therefore reduces the accuracy of an estimate of the overall size distribution. Improved methods for measuring the distribution of these types of aerosols are needed.
CONCLUSIONS
This study evaluated the performance of four commonly used aerosol samplers in four agricultural livestock environments. Laboratory studies using a still-air chamber and a wind tunnel provided important information regarding the effect of wind speed on sampler performance. In contrast to several studies in other environments wherein CFC showed the lowest variability, here the IOM had the lowest CV (best precision) overall. The performance of the Button was also good but was negatively impacted in poultry environments where larger (feather) particulates clogged the holes in the screen, causing pump stoppages. The CFC/IOM ratios are important for comparisons between newer and older studies. Wind speed and dust type were important factors affecting the ratios. Based on the field studies (Table 6) , a ratio of 0.56 is suggested as a conversion factor for the CFC/IOM (average for all environments since no statistical difference). Conversion factors for the Button/IOM are swine (0.57), chicken (0.80), turkey (0.53), and dairy (0.67). Any attempt to apply a conversion factor between the Cyclone and inhalable samplers is not recommended. 
